(E)-2-Chloro-3-(2-cyanovinyl)-9,10-dimethoxy-4-oxo-6,7-dihydro-4H-pyrido[2,1-a] isoquinoline-1-carbonitrile (5) was obtained by treatment of the 2-chloro-3-formylpyrido[2,1-a]isoquinoline derivative 3 with 2-(triphenylphosphoranylidene)acetonitrile (4). Treatment of 5 with sodium azide afforded the corresponding azido compound 6 which could be reduced by sodium dithionite to compound 7. A novel isoquinolino[2,1-g][1,6]naphthyridine derivative 11 was obtained by the reaction of phenyl isothiocyanate with the phosphorane compound 8, which was prepared by the reaction of compound 6 with triphenylphosphine. Treatment of 5 with amines 12a-c and thiophenols 14a-c in refluxing ethanol afforded the corresponding substitution products 13a-c and 15a-c, respectively. Also, the reaction of 1 with α-oxo hydroxamoyl chlorides 16 was reinvestigated, and the synthesized pyrazoloisoquinolines 19a-f and pyridazinopyrazoloisoquinolines 20a, e were screened for their in vitro antitumor activities.
Introduction
Isoquinolines and their derivatives are important constituents of pharmacologically active compounds, as these systems have shown a broad spectrum of biological activities such as cardiovascular [1] , anti-inflammatory [2] , anti-depressant [3] and anticancer [4 -6] . Among them, pyrido [a] isoquinolines are well known, and several methods for their preparation have been reported [7 -12] . The present study is a part of our program directed towards the synthesis of fused isoquinoline derivatives [13 -24] . The aim of this study, on one hand is to introduce a simple and convenient method for the synthesis of the title compounds in good yields and on the other hand to reinvestigate the proposed structures resulting from the reaction of isoquinoline-1-acetonitirile 1 with α-oxo hydroxamoyl chlorides 18a-f. Some of the synthesized compounds (19a-f and 20a, e) were tested for antitumor activity against hepatocellular carcinoma (HepG2), breast carcinoma (MCF-7) and colon carcinoma (HCT).
Results and Discussion
Chemistry 2-Chloro-3-formyl-9,10-dimethoxy-4-oxo-6,7-dihydro-4H-pyrido[2,1-a]isoquinoline-1-carbonitril 3 was prepared according to a literature procedure (Scheme 1) [25] . The target compund 5, which has not been reported hitherto, was prepared in this study by stirring of 3 with 2-(triphenylphosphoranylidene)acetonitrile 4 in chloroform at room temperature (Scheme 2). The structure of 5 was based on its elemental and spectral analyses. The 1 H NMR spectrum showed two doublets at δ = 6.85 and 7.75 ppm with a coupling constant J = 16 Hz that indicated a trans configuration for the vinylic protons, in addition to signals of a pyrido[2,1-a]isoquinoline moiety. The mass spectrum of 5 showed the molecular ion peak at m/z = 367, and its IR spectrum revealed bands at ν = 2245, 2214 and 1658 cm −1 assignable to cyano and amide carbonyl groups, respectively.
Azido derivative 6 was prepared by stirring of 5 with sodium azide in a dioxane/water mixture for 3 h at room temperature (Scheme 2). Elemental analyses and spectral data were used to elucidate the structure of the product 6. Thus, the IR spectrum gave a band at ν = 2125 cm −1 assignable to an azide group. Reduction of the azido derivative 6 to the corresponding amino compound 7 was accomplished by stirring with sodium dithionite in methanol/water mixture at room temperature for 24 h (Scheme 2). The structure of compound 7 was confirmed by elemental and spectral analyses. Its IR spectrum revealed the absence of the azide stretching band, instead two new bands for the amino group were clearly visible at 3367 and 3267 cm −1 . Treatment of 6 with triphenylphosphine in boiling ether afforded the iminophosphorane 8 in good yield. The IR spectrum of 8 revealed the absence of the azide group, and its mass spectrum showed the molecular ion peak at m/z = 608. Refluxing of iminophosphorane 8 with phenyl isothiocyanate in 1,2-dichlorobenzene for 6 h afforded the novel 2,3-dimeth-oxy-8-oxo- [1, 6] via a proton shift (Scheme 3) [26] . Combustion analysis and mass spectrum confirmed the molecular formula C 28 H 19 N 5 O 3 . The IR spectrum of compound 11 revealed a band at 3255 cm −1 corresponding to anilino NH. Its 1 H NMR spectrum showed a singlet signal at δ = 8.58 corresponding to the proton of the pyridine ring at position 9.
The chlorine atom in compound 5 showed high reactivity towards nitrogen and sulfur nucleophiles. Thus refluxing 5 with amine derivatives 12a-c in ethanol for 6 h afforded the substitution products (E)-2-(aralkylamino)-3-(2-cyanovinyl)-9,10-dimethoxy-4-oxo-6,7-dihydro-4H-pyrido[2,1-a] isoquinoline-1-carbonitrile 13a-c (Scheme 4). Similarly, the substitution products 15a-c were obtained by refluxing of 5 with sulfur nucleophiles 14a-c in ethanol in the presence of triethylamine (Scheme 4). The structures of the products 13a-c and 15a-c were confirmed on the basis of elemental and spectral analyses (see Experimental Section).
It was claimed that 3-aroyl-3-hydroxyimino-2-(6,7-dimethoxy-1,2,3,4-tetra-hydroisoquinolin-1-ylidene)propanenitrile (18) can be obtained in good yield from the reaction of hydroxamoyl chlorides 16a-f with 1 (Scheme 5) [27] . In our hands, stirring of 1 with 16a in acetonitrile at room temperature afforded a product which gave analytical data consistent with its formulation as 2-benzoyl-8,9-dimethoxy-5,6-dihydropyrazolo[5,1-a]isoquinoline-1-carbonitrile 19a. Mass spectral and combustion analysis data indicated its molecular formula as C 21 H 17 N 3 O 3 . Similarly, 1 reacts with 16b-f to give 19b-f. The IR spectra of compounds 19a-f were free of OH and NH bands. The reaction pathway that seems to account for the formation of 19a-f from reaction of 1 with 16a-f is outlined in Scheme 5. It is proposed that the reaction involves nucleophilic substitution to give 17a-f. The latter intermediates tautomerize to give 18a-f, which cyclize via elimination of water to give 19a-f. The structures 
Antitumor activity
The cytotoxic potencies of the synthesized pyrazoloisoquinolines 19a-f and pyridazinopyrazoloisoquinolines 20a, e against a panel of human tumor cell lines were investigated and compared with the reference drug Doxorubicin. The human tumor cell line panel consisted of hepatocellular carcinoma (HepG2), breast carcinoma (MCF-7) and colon carcinoma (HCT). The results are summarized in Table 1. The cytotoxic potency of pyrazoloisoquinoline derivatives substituted with 4-nitrobenzoyl (19d), thiophene-2-carbonyl (19e) and 2-naphthoyl (19f) at position 2 showed a weak, but distinct difference, and the IC 50 values of these compounds ranged from 
Experimental Section
Melting points were determined on a Stuart melting point apparatus and are uncorrected. IR spectra were measured as KBr pellets on a FTIR Bruker-Vector 22 spectrophotometer. The 1 H NMR and 13 C NMR spectra were recorded in CDCl 3 or [D 6 ]DMSO on a Varian Mercury VXR 300 spectrometer (300 MHz for 1 H NMR and 75 MHz for 13 C NMR) using TMS as internal standard. Chemical shifts are reported in δ units (ppm). Mass spectra were measured on a Shimadzu GCMS-Q-1000 EX mass spectrometer at 70 eV. Elemental analyses were performed at the Microanalytical Center, Cairo University. Isoquinoline-1-acetonitrile 1 [28] , 2-hydroxy-9,10-dimethoxy-4-oxo-6,7-dihydro-4H-pyrido[2,1-a]isoquinoline-1-carbonitrile 2 [29] , 2-chloro-3-formyl-9,10-dimethoxy-4-oxo-6,7-dihydro-4H-pyrido-[2,1-a]isoquinoline-1-carbonitilie 3 [25] , 2-(triphenylphosphoranylidene)acetonitrile 4 [30] , hydroxamoyl chlorides 18a-f [31, 32] were prepared according to the procedures in the literature.
Synthesis of (E)-2-chloro-3-(2-cyanovinyl)-9,10-dimethoxy-4-oxo-6,7-dihydro-4H-pyrido[2,1-a]isoquinoline-1-carbonitrile (5)
To a solution of 2-(triphenylphosphoranylidene)acetonitrile (4, 5.64 g, 20.0 mmol) in chloroform (50 mL), 2-chloro-3-formyl-9,10-dimethoxy-4-oxo-6,7-dihydro-4H-pyrido[2,1-a]isoquinoline-1-carbonitilie (3, 6.88 g, 20.0 mmol) was added. The reaction mixture was stirred for 3 h at room temperature then evaporated to dryness under reduced pressure. Ethanol (30 mL) was added to the residue, and the solid formed was filtered, washed with ethanol and crystallized from DMF to give compound 5. 
Synthesis of (E)-2-azido-3-(2-cyanovinyl)-9,10-dimethoxy-4-oxo-6,7-dihydro-4H-pyrido[2,1-a]isoquinoline-1-carbonitrile (6)
A solution of 5 (1.84 g, 5.0 mmol) in a dioxane-water mixture (4 : 1 (v/v) 60 mL) was treated with a solution of sodium azide (0.65 g, 10.0 mmol) in the same solvent mixture. The reaction mixture was vigorously stirred for 3 h at room temperature, then diluted with water (100 mL). The solid that precipitated was collected and crystallized from DMF to afford compound 6. 
Synthesis of (E)-2-amino-3-(2-cyanovinyl)-9,10-dimethoxy-4-oxo-6,7-dihydro-4H-pyrido[2,1-a]isoquinoline-1-carbonitrile (7)
To a stirred suspension of 6 (1. 
Synthesis of (E)-3-(2-cyanovinyl)-9,10-dimethoxy-4-oxo-2-((triphenylphosphoranylidene)-amino)-6,7-dihydro-4H-pyrido[2,1-a]isoquinoline-1-carbonitrile (8)
A
Synthesis of 2,3-dimethoxy-8-oxo-11-(phenylamino)-6,8-dihydro-5H-isoquinolino[2,1-g]-[1,6]naphthyridine-10,13-dicarbonitrile (11)
Phenyl isothiocyanate (0.12 g, 1.0 mmol) was added to a solution of 8 (0.61 g, 1.0 mmol) in 1,2-dichlorobenzene (10 mL). The reaction mixture was refluxed for 6 h, and then the solvent was removed under reduced pressure. The solid was collected and crystallized from DMF to give com- 
Synthesis of (E)-2-amino-3-(2-cyanovinyl)-9,10-dimethoxy-4-oxo-6,7-dihydro-4H-pyrido[2,1-a]isoquinoline-1-carbonitriles 13a-c
General procedure: A mixture of compound 5 (1.10 g, 3.0 mmol) and an amine 12a-c (3.0 mmol) in absolute EtOH (50 mL) was refluxed for 6 h in the presence of triethylamine (0.4 mL). The solvent was evaporated and the residue cooled. The resulting solid product was collected, washed with ethanol and crystallized from CH 3 CN to give compounds 13a-c. 3-(2-cyanovinyl) 2-(arylthio)-3-(2-cyanovinyl)-9,10-dimethoxy-4-oxo-6,7-dihydro-4H-pyrido[2,1-a]isoquinoline-1-carbonitriles 15a-c General procedure: These compounds were prepared as previously described for the synthesis of 13 using arylthiols 14 in the presence of triethylamine (0.4 mL) instead of amines 12. The resulting solid products were collected, washed with ethanol and crystallized from CH 3 CN to give compounds 15a-c. 
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